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[Note: Names, addresses, company names and brand names are translated in the most 
common manner. Japanese language does not have singular or plural words unless 
otherwise specified by a numeral prefix or a general form of plurality suffix.] 

(54) [Name of the Invention] 

Metal part Used in Semiconductor Devices, Its Manufacturing method and 
Semiconductor Device 

(57) [Summary] 

[Structure] 

A metal part used in semiconductor devices that is equipped with a metal base 10, which 
is formed as one body from an alloy that contains 20 ~ 50 volume % of Cu and 1 weight 
% or less of Ni, and where the remaining part is W and/or Mo, and with a metal frame 
body 2. In the molded (formed) body that is obtained from the metal powder, which 
contains less than 1 weight % Ni powder and where the remaining part is W powder, Mo 
powder, a mixed powder of W and M, or a W- Mo alloy powder, Cu is impregnated and 
the structure is formed from the obtained by that metal composition. 

[Results] 

The part has good thermal diffusion properties, and it has a thermal expansion coefficient 
that is close to that of the housed in it semiconductor or other ceramic or glass parts, and 
high reliability properties and dimensional precision are practically realized. Because of 
the fact that a post processing is almost unnecessary it is possible to lower the 
manufacturing costs. 

[Scope of the Claims] 

[Claim 1] 

A metal part used in semiconductor devices characterized by the fact that it is a metal part 
used in semiconductor devices that is equipped with a metal base, which houses the 
semiconductor device and a metal part, which is formed as one body with the above 
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described metal base, where the above described metal base and metal part have a 
structure made from an alloy material, which contains 20 ~ 50 volume % of Cu, and 1 
weight % or less Ni, with the remaining part being W and/or Mo, and where it has at least 
one surface, which is a surface that is not mechanically processed, and the Cu content of 
the surface most layer part of this surface is lower than the contained amount of Cu in the 
inner part. 

[Claim 2] 

A metal part used in semiconductor devices according to the above described Claim 
paragraph 1 characterized by the fact that the above described alloy has a metal 
composition that is formed as inside a porous molded material of meta! powder, which is 
an alloy powder containing 1 weight % or less Ni, while the remaining part is W powder, 
Mo powder, a mixed powder material of W and Mo, or an alloy powder of W - Mo, Cu 
has been impregnated. 

[Claim 3] 

A manufacturing method for the production of metal part used in semiconductor devices 
characterized by the fact that a metal powder comprised of 1 weight % or less Ni, while 
the remaining part is W powder, Mo powder, a mixed powder material of W and Mo, or 
an alloy powder of W - Mo, is molded by injection molding and after that a porous 
molded material is formed, which contains porosity in an amount in the range of 20 - 50 
volume %, and in the pores of this porous molded material Cu is impregnated (infiltrated) 
and it is made into a composite alloy material where the shrinking coefficient of each the 
final dimensions of each part are within 2 %. 

[Claim 4] 

A manufacturing method for the production of metal part used in semiconductor devices 
according to the above described Claim paragraph 3 characterized by the fact that the 
molding technological process for the formation of the above described porous molded 
material contains the following processes: the technological process whereby a mixed 
powder material is produced as Ni powder material and at least one type of W powder 
material, Mo powder material, and W - Mo alloy powder material, which have 
correspondingly an average particle diameter of no more than 40 microns or less, are 
mixed so that the amount of the Ni powder becomes less than 1 weight %; the 
technological process whereby the above mixed powder material is mixed and kneaded 
together with an organic binder, which is comprised of a wax component that has a 
melting point of 1 OOoC or lower, and an organic material that does not have a residual 
ash component; the technological process whereby the above described kneaded material 
is molded through an injection molding process and the technological process whereby 
the molded material is subjected to a treatment removing the binder material and porosity 
is formed. 

[Claim 5] 
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A manufacturing method for the production of metal part used in semiconductor devices 
according to the above described Claim paragraph 4 characterized by the fact that the 
above described binder removal treatment technological process includes the 
technological process where vapors of organic solvent are used and a washing treatment 
is conducted, and the technological process whereby a thermal treatment is conducted at a 
temperature that is at least 500oC or higher. 

[Claim 6] 

A manufacturing method for the production of metal part used in semiconductor devices 
according to any 1 of the above described Claim paragraphs 3-5 characterized by the 
fact that prior to the above described Cu impregnation technological process, a 
technological process is included whereby on the surfaces of the above described porous 
molded material except for at least one surface, the mixed with solvent, powder material, 
which has stable physical and chemical properties at the time of the impregnation 
treatment, which does not react with the above described porous material, which is not 
wetted by the molten Cu, and which is removable easily after the impregnation treatment, 
is coated and dried, and after the technological process where the Cu impregnation is 
conducted, the technological process is included the above described powder material is 
removed. 

[Claim 7] 

A manufacturing method for the production of metal part used in semiconductor devices 
according to the above described Claim paragraph 6 characterized by the fact that the 
above described powder material is a material that contains at least one type of powder 
that is selected from the group of A1203, Ti02, Si02, Zr02, A1N, BN, Si3N4, TiN, ZrN, 
SiC, ZrC andTiC. 

[Claim 8] 

Semiconductor device that is characterized by the fact that it uses a metal part according 
to the above reported Claim paragraphs 1 or 2. 

[Detailed Explanation of the Invention] 

[0001] 

[Technical Field of the Invention] 

the present invention is about a metal part used in semiconductor devices, its 
manufacturing method and a semiconductor devising utilizing the above metal part used 
for semiconductor devices. In more details, the present invention is an invention about a 
metal part, which is a case used for semiconductor devices like photo diodes and laser 
diodes used for light generation/light receiving, and microwave devices used for 
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communication, high output electric sources, etc., is a base plate used for housing 
semiconductors, and is a header etc., and this metal part has good thermal diffusion 
properties, it has a thermal expansion coefficient that is close to the housed 
semiconductor materials and to other ceramic and glass parts, and through this metal part 
high reliability properties and dimensional stability properties are practically realized; 
and it is an invention about a manufacturing method that can suggest the inexpensive 
manufacture of these metal parts and it is an invention about the semiconductor device 
using this metal part. 

[0002] 

[Previous Technology] 

In the case of the metal casing used for the semiconductor devices that are used in optical 
communication, microwave communication, and high output electric sources, usually, 
these are provided with a base, which houses the laser diode or the microwave device, 
and with a metal frame body where glass terminals (pins) or ceramic pins etc., electric 
signal input/output terminals can be attached. Especially, in the case of metal case used 
for semiconductor devices containing light receiving/light generating elements, it has a 
structure that is formed so that the metal frame body is then provided with a window used 
for the input/output of the optical signal, and the housed photodiode or laser diode, 
through this window, can be optically connected with the optical fiber. Figure 2 and 
Figure 3, correspondingly show one example of the assembled body of the metal case 
used for semiconductor devices according to the previous technology. 

[0003] 

Figure 2 and Figure 3 represent correspondingly the three-dimensional view diagrams of 
the assembled body of the metal case used for semiconductor devices where the electric 
signal input/output terminals (pins) are ceramic pins, and of the assembled body of the 
metal case used for semiconductor devices where the electric signal input/output 
terminals (pins) are glass pins. This assembled body 1 of metal casing used for 
semiconductor devices, in each case, has a structure that is formed mainly from the metal 
base 10, which has the assembly opening 6 that is used for the installation, and from the 
metal frame body 2, which is fixed on the metal base 10 so that a box body is formed, 
and on the metal the casing used for semiconductor devices the electric signal 
input/output pins 3 are attached. A semiconductor element can be housed on the top of 
the metal base inside the metal frame body a laser diode or a microwave device etc. In the 
case when the metal casing is a metal casing used for optical communication 
semiconductor devices housing photodiodes or laser diodes, on the front surface of the 
metal frame body 2 the optical signal input/output window 4 is provided, and also, on the 
side surface correspondingly the electric signal input/output terminal 3 is provided. The 
number of the terminals is freely selected in correspondence with the number of electric 
signal inputs/outputs of the laser diode module. On the top edge part of the metal frame 
body 2 the electric signal input/output terminal 3 is fixed, and also, the metal edge 5 is 
attached in order to provide an airtightly sealing cover. 
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[0004] 



Regarding the metal frame body 2, it is desirable that its thermal expansion coefficient is 
close to that of the glass terminals or the ceramic terminals, and also because of the fact 
that it has a complex shape it is desirable that it is a body that has good rigidity and 
processing properties. Then, because of the fact that a certain degree of rigidity properties 
are required, in the past, usually, iron - nickel alloy or iron ~ nickel - cobalt alloys have 
been used. On the other hand, in the case of the metal base 10, it is necessary that the heat 
generated by the laser diode is quickly diffused and because of that copper, copper - 
tungsten alloys etc, high thermal conductivity alloys have been used. The metal base 10 
and the metal frame body 2 have been joined by using silver - copper alloy etc., metal 
solder type materials. 

[0005] 

As it has been described here above, in the case of the metal casing used for 
semiconductor devices according to the present invention, the structure has been formed 
from the metal base 10 and metal frame body 2 obtained from correspondingly different 
metals that have been joined by a solder welding. However, in the case of the metal 
casing used for semiconductor devices according to the previous technology that has a 
structure formed from the metal base 10 and metal frame body 2 obtained from 
correspondingly different metals, due to the mismatch of the thermal expansion 
coefficients of the two types of metals, at the time of the welding, it has been easy to 
generate deformations, and especially it has been easy to generate waviness deformation 
in the metal base. 

[0006] 

If a laser diode is placed and installed in this metal casing with generated deformations in 
it, a deviation of the optical axes of the laser diode and the optical fiber that is attached in 
the vicinity of the window part of the metal frame body, and there is the problem that it is 
said that the output of the laser that is entering the optical fiber is decreased. Also, in the 
case when a microwave device is placed, due to the waviness (warping) the device is 
damaged and this causes an instability of the grounding voltage and a decrease of the 
thermal diffusivity properties, and it is said that the device does not function properly. 

[0007] 

In order to solve these problems, in the previous technology, there have been additional 
operations that have been conducted, such as the operation where after the solder attach, 
the back surface of the metal base of the metal casing is polished (ground) and made to 
be flat, and the deformations (waviness) is corrected etc., however these operations have 
had poor efficiency. Also, in order not to generate the above-described deformations, the 
process has been considered where the metal base 10 and the metal frame body 2 are 
manufactured as one body from the same material. However, in this case, as this material 
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it has been possible to use copper - tungsten alloy, which has a thermal expansion 
coefficient that is close to that of glass or ceramic, and also, which has good thermal 
diffusion properties. In the case of the copper - tungsten alloy it can be manufactured 
according to the powder metal casting method, and especially, the described here below 
two methods can be used. In the case of the first method, it is annealing bonding method 
whereby the predetermined composition Cu powder and W powder are mixed and made 
into a molded material and after that an annealing/bonding is conducted at a temperature 
that is at or above the Cu melting point. Also, the second method is the impregnating 
(infiltration) method whereby in advance the W powder is molded and after that this 
material is annealed/bonded and a porous material is prepared, and molten Cu is 
impregnated into the pores of this porous molded material. 

[0008] 

According to the above-described annealing/bonding method the shrinkage coefficient 
obtained at the time of the annealing is large at, at least 10 % or higher, and because of 
that the molded material is significantly deformed. Also, at the time of the annealing, on 
the whole outer periphery of the molded material molten Cu is exuded, and the 
dimensions of each part are also changed. On the other hand, even in the case of the 
impregnating method at the time of the impregnation with the molten material the molten 
Cu exudes over the whole periphery of the molded material. Then, the Cu - tungsten 
alloy has difficult rigidity - processing properties. Also, regarding these problems 
encountered during the time of manufacturing, they are exactly the same also in the case 
of the Cu - molybdenum alloys. Consequently, for example, in the manufacturing of the 
shown according to Figure 2 and Figure 3 metal base 10 and the metal frame body 2 
unified body product, there is only the method of mechanical processing and scraping off 
from the block of the copper - tungsten alloy and the cost becomes high and not only that 
but also the large scale manufacturing feasibility properties are poor. 

[0009] 

On the other hand, in the case of the metal header used for semiconductor devices, on the 
base housing laser diodes or microwave devices electric signal input/output glass 
terminals are attached and installed. Also, optionally (depending on the requirements) 
circuit base boards manufactured from ceramics are housed and in the case when in order 
to maintain gas tightness it is necessary to weld a cover, on the upper edge of the base a 
metal edge formed from an iron type metal is provided. In Figure 4 and Figure 5, 
correspondingly, one example of the assembled body of the metal header used in 
semiconductors is presented. 

[0010] 

Figure 4 is a three-dimensional diagram of metal header used in laser diodes, Figure 5 is 
a three-dimensional diagram of metal header used in microwave devices. In the case of 
either of these metal headers, they are parts where on the metal base 10, which is 
provided with the protruded part 7 used for housing semiconductor elements like laser 
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diodes or microwave devices etc., the electric signal input/output terminals 3, which have 
a structure formed from glass terminals, are attached. Regarding the number of these 
terminals (pins), it can be freely selected based on the number of the inputs/outputs of the 
semiconductor material elements, and also it is a part where on the upper edge part of the 
metal base 10 the metal edge 5 has been attached in order to weld the cover used for 
providing the gas tightness properties. 

[0011] 

For the metal base 10 the thermal expansion coefficient is made ro be close to that of the 
glass element and also, it is necessary that the heat that is generated by the semiconductor 
element be quickly diffused, and because of that, usually, copper - tungsten alloy is used. 
However, even in the case when such metal base used for metal header is manufactured 
by using copper - tungsten alloy, the above described deformations and exuding Cu, at 
the time of the annealing/bonding still occur and because of that in order to finish the 
parts to the predetermined dimensions it is necessary to conduct a mechanical processing 
of the outer periphery part, of the protruded parts used for the housing of the 
semiconductor material elements or the opening parts for the glass terminals, and this 
becomes extremely expensive. 

[0012] 

The manufacturing method employing the powder casting method of copper- tungsten 
alloy or copper - molybdenum alloy, which is used for metal parts for the above 
described metal parts used for semiconductor devices, has been described according to 
the invention in the Japanese patent Application laid Open Number Showa 59-21032. 
Also, in the description of the invention reported in the Japanese patent Application Hei- 
Sei 2-501 3 16, a press casting method (injection molding method) has been described, 
which is an improvement of the above described sintering/bonding method. 

[0013] 

In the case of the method that has been disclosed according to the above described 
Japanese Patent Application Number Hei-Sei 2-501316, it is a method where Cu powder 
and W powder are mixed with organic binder material and a molded material is produced 
by using an injection molding method, and after that the binder is removed, 
sintering/bonding is conducted and the alloy is obtained. However, this method has the 
already explained drawbacks of the sintering/bonding method. First, according to this 
method, in order to obtain an alloy with the predetermined density, it is necessary to 
generate the shrinkage corresponding to the amount of the binder that is contained in the 
porous molded material. Consequently, in the case of the manufactured product where the 
shape is complex, as in the case of metal parts used for semiconductor devices, depending 
on the position of the part small differences in the shrinkage coefficient are generated, 
and at the time of the sintering/bonding, it is easy for deformations to be generated and 
because of that it is difficult to obtain a high precision of the shape. 
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[0014] 



Also, in the porous molded material, the Cu powder material is contained in an amount in 
the range of 5 - 50 weight % and because of that at the time of the sintering/bonding at 
the surface of the porous molded material a large amount of Cu is exuded. Consequently, 
in the case of the manufacturing of metal casing, metal header, etc., manufactured parts, 
which require a high dimensional precision and surface shape, it is necessary to subject 
almost the whole surface to a finishing scraping off processing. 

[0015] 

Then, in the case of the sintering/bonding method, it is impossible to avoid that pores 
remain in the alloy. Because of that in the plating technological process, which follows 
the above described scraping off technological process, poor plating occurs because of 
there is poor adhesion of the plating, and there is a generation of change of the color 
caused by the plating solution remaining inside the pores, and areas where there is no 
plating inside the pores, etc. Also, because of the pores, in the space between the casing 
and the cover, the air tightness properties, between the other material at the opening part 
of the casing and the joining part, etc., can be lost. In addition to that, there is also the 
problem that it is said that because of the porosity the heat conductivity of the alloy is 
decreased. 

[0016] 

On the other hand, in the case of the melt impregnating method, there is almost no 
porosity remaining and because of that it is possible to circumvent the problems caused 
by the porosity. However, even in the case of the melt impregnating method, after the 
molding, in order to manufacture a porous molding material a sintering/bonding is 
conducted and even though it is not as high as in the case of the sintering/bonding 
method, shrinkage occurs at least at a rate of 5 % and because of that deformations are 
generated. Also, as it has been described here above, the molten Cu is exuded over the 
whole outer periphery. If such deformations and leaks are present, it is necessary that the 
whole surface be scraped off and a large mechanical processing finishing is required. 
This is a more significant problem in the case of manufactured parts with a complicated 
shape and even if injection molded material from W or Mo powder material is 
manufactured, in order to produce the porous molded material sintering/bonding is 
performed and the Cu melt/impregnation is conducted according to the melt impregnation 
method of the previous technology and it is not possible to eliminate and avoid the 
problems. 

[0017] 

[Problems Solved by the Present Invention] 

The problem according to the present invention is to solve the various types of problems 
that have been described here above of the previous technology using the 



9 



sintering/bonding method and the melt/impregnation method in the manufacturing of 
manufactured parts from copper - tungsten alloys or copper - molybdenum alloys. Also, 
the goal of the present invention is to solve the above described problems of the previous 
technology and to suggest a novel metal part used for semiconductor devices, to suggest 
its manufacturing method and to suggest a high reliability properties possessing 
semiconductor device, which uses this metal part used in semiconductor devices. 

[0018] 

[Measures in Order to Solve the Problems] 

According to the present invention a metal part used in semiconductor devices is 
suggested that is characterized by the fact that it is a metal part used in semiconductor 
devices that is equipped with a metal base, which houses the semiconductor device and a 
metal part, which is formed as one body with the above described metal base, where the 
above described metal base and metal part have a structure made from an alloy material, 
which contains 20 - 50 volume % of Cu, and 1 weight % or less Ni, with the remaining 
part being W and/or Mo, and where it has at least one surface, which is a surface that is 
not mechanically processed, and the Cu content of the surface most layer part of this 
surface is lower than the contained amount of Cu in the inner part. In the case of the 
metal part used in semiconductor devices according to the present invention it is 
preferred that the above described alloy has a metal composition that is formed as inside 
a porous molded material of metal powder, which is an alloy powder containing 1 weight 
% or less Ni, while the remaining part is W powder, Mo powder, a mixed powder 
material of W and Mo, or an alloy powder of W- Mo, Cu has been melt/impregnated. 

[0019] 

Also, according to the present invention a manufacturing method for the production of 
metal part used in semiconductor devices is suggested that is characterized by the fact 
that a metal powder comprised of 1 weight % or less Ni, while the remaining part is W 
powder, Mo powder, a mixed powder material of W and Mo, or an alloy powder of W - 
Mo, is molded by injection molding and after that a porous molded material is formed, 
which contains porosity in an amount in the range of 20 ~ 50 volume %, and in the pores 
of this porous molded material Cu is melt/impregnated (infiltrated) and it is made into a 
composite alloy material where the shrinking coefficient of each the final dimensions of 
each part are within 2 %. According to the method of the present invention, it is 
preferred that the molding technological process for the formation of the above described 
porous molded material contains the following processes: the technological process 
whereby a mixed powder material is produced as Ni powder material and at least one 
type of W powder material, Mo powder material, and W - Mo alloy powder material, 
which have correspondingly an average particle diameter of no more than 40 microns or 
less, are mixed so that the amount of the Ni powder becomes less than 1 weight %; the 
technological process whereby the above mixed powder material is mixed and kneaded 
together with an organic binder, which is comprised of a wax component that has a 
melting point of lOOoC or lower, and an organic material that does not have a residual 
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ash component; the technological process whereby the above described kneaded material 
is molded through an injection molding process and the technological process whereby 
the molded material is subjected to a treatment removing the binder material and porosity 
is formed. 

[0020] 

According to the method of the present invention it is preferred that the above described 
binder removal treatment technological process includes the technological process where 
an organic solvent is used and a treatment of evaporation and washing is conducted, and 
the technological process whereby a thermal treatment is conducted at a temperature that 
is at least 500oC or higher. Also, 

[0021] 

On the other hand, according to the method of the present invention it is preferred that 
prior to the above described Cu melt/impregnation technological process, a technological 
process is included whereby on the surfaces of the above described porous molded 
material except for at least one surface, the mixed with solvent powder material, which 
has stable physical and chemical properties at the time of the impregnation treatment, 
which does not react with the above described porous material, which is not wetted by the 
molten Cu, and which is removable easily after the impregnation treatment, is coated and 
dried, and after the technological process where the Cu impregnation is conducted, the 
technological process is included the above described powder material is removed. It is 
preferred that the above described powder material is a material that contains at least one 
type of powder that is selected from the group of A1203, Ti02, Si02, Zr02, A1N, BN, 
Si3N4, TiN, ZrN, SiC, ZrC and TiC. 

[0022] 

[Effect] 

In the case of the metal part used in semiconductor devices according to the present 
invention, the metal casing and the metal part have a structure that is formed from an 
alloy material, which contains 20 ~ 50 volume % Cu and 1 weight % or less of Ni, and 
the remaining part is W and/or Mo. Consequently, the metal part used in semiconductor 
devices according to the present invention has high heat diffusion properties and it has a 
thermal expansion coefficient that is close to that of glass or ceramic. 

[0023] 

At the time when in the alloy material that is used for the metal part used in 
semiconductor devices according to the present invention the content of Cu is less than 
19 weight %, the generation of pores between the particles is easy and because of that the 
densiflcation is difficult, and as a result from that the thermal conductivity is deteriorated 
and a stable alloy is not obtained and due to that it is not appropriate as a metal casing or 
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header part product. Also, if the Cu content exceeds 49 weight %, the thermal expansion 
coefficient exceeds 10 x 10~ 6 /oC, and because of that the difference with the thermal 
expansion coefficient of the assembled into the metal casing or header electric signal 
input/output glass terminals or ceramic terminals becomes large, and this causes a 
decrease of the reliability properties. 

[0024] 

Regarding the alloy that is used in the metal part used in semiconductor devices 
according to the present invention, it is also a good option if it contains 1 weight % Ni or 
less. This is because of the fact that because of the Ni at the time of the Cu 
melt/impregnation the wetting properties with the porous molded material are improved, 
however, if the Ni content exceeds 1 weight %, the thermal conductivity of the alloy is 
decreased and that is not preferred. Regarding the alloy that is used in the metal part used 
in semiconductor devices according to the present invention, excluding the above 
described Cu and Ni, the remaining part is W and/or Mo, and the ratio of W to Mo can be 
freely adjusted. 

[0025] 

Regarding the metal part used in semiconductor devices according to the present 
invention, it is preferred that the above described alloy has a metal composition that is 
formed as inside a porous molded material of metal powder, which is an alloy powder 
containing 1 weight % or less Ni, while the remaining part is W powder, Mo powder, a 
mixed powder material of W and Mo, or an alloy powder of W - Mo, Cu has been 
melt/impregnated. The W, Mo and Ni form the skeleton of the porous molded material 
and the Cu is impregnated inside the pores. Consequently, through the W, Mo, Ni 
skeleton and the Cu impregnation phase a specific composite structure/composition is 
formed. 

[0026] 

According to the present invention when the above described metal part used in 
semiconductor devices is manufactured as the powder injection molding and the melt 
impregnation methods are combined, by that the dimensional stability is markedly 
increased and the manufacturing costs are decreased. Namely, according to the method of 
the present invention it is preferred that the described here below structural elements are 
contained. 

(1) The porosity that is generated after the binder removal in the molded material 
manufactured by the injection molding method and that has as its main 
components W or Mo is used constructively as the porosity that is melt 
impregnated with Cu. By that the requirement for the removal of the porosity and 
increase of the density which has been used according to the sintering/bonding 
technological process conducted according to the previous technology after the 
injection molding, is not present and it is possible to constrain the shrinkage of the 
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molded material to a maximum of 2 %. Consequently, the dimensional precision 
of the molded materials that are manufactured according to the injection molding 
process can be maintained. 

(2) In order to conduct a complete removal of the binder from the material that has 
been molded in a three-dimensionally complex shape and has been manufactured 
by injection molding and to reliably conduct the Cu melt/impregnation, a two step 
treatment is conducted consisting of the washing treatment by using organic 
solvent vapor and a heat treatment process. 

(3) In order to minimize as much as possible the mechanical processing that has been 
necessary after the Cu melt/impregnation according to the previous technology, in 
the case when after the melt/impregnation a mechanical treatment is conducted on 
the porous molded material after the binder removal, an agent preventing the 
exuding is coated with the exception of the surface that presumably is the easiest 
to process (for example, in the case of the metal header according to Figure 2 and 
Figure 3, the 1 edge surface of the base 10)and the Cu melt/impregnation is 
conducted from the surface of the porous molded material that is presumed to be 
the easiest to process. By that, the Cu leakage occurs only from the easiest to 
process surface of the porous molded material that has been melt impregnated and 
the Cu selectively is exuded from that surface. Consequently, according to the 
method of the present invention if the dimensional precision is satisfied there is 
no requirement for processing of the other surfaces. In this case there is also little 
scraping. Consequently, the time period for the processing in order to complete 
the finishing is significantly shortened. According to the method of the present 
invention by appropriately compounding the above described essential structural 
components, a high precision metal part is manufactured that is comprised of a 
Cu-W, Cu-Mo, Cu-W-Mo. 

[0027] 

In more details, according to the method of the present invention, a metal powder that is 
formed from a mixed powder that contains 1 weight % or less Ni, and where the 
remaining part is W powder, Mo powder, a W and Mo mixed powder or a W - Mo alloy 
powder, is molded by injection molding and because of that it is possible to suggest a 
molded material with a three-dimensionally complex shape that has a high precision and 
is inexpensive. Consequently, it is appropriate for the manufacturing of metal parts like 
metal casing used for laser diodes or metal headers used for microwave devices, etc., 
which have a complex shape, and also, where a high dimensional precision and high 
thermal diffusivity are required. 

[0028] 

Also, according to the method of the present invention after the metal powder has been 
molded, a porous molded material is formed that has a residual porosity in the range of 
20 ~ 50 volume %, and in this porosity, Cu is melt impregnated. According to this 
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method as in the case of the usual injection molding method, binder removal is conducted 
and after that powder sintering is not conducted and because of that through the 
technological process from the porous molded material obtained from the injection 
molding to the finished part product, there is no significant shrinkage of the porous 
molded material and the molding metal die is designed at a high precision and by that it is 
possible to control to high precision level the dimensional precision of the finished part 
product. 

[0029] 

According to the method of the present invention, in the case when the porosity of the 
above described porous molded material is less than 20 volume %, it is easy for the Cu 
content after the melt impregnation to become less than 20 volume % and when that 
happens because of the generation of internal pores there is variation in the thermal 
conductivity and a stable alloy is not obtained. On the other hand, if the porosity exceeds 
50 volume %, the Cu content after the melt impregnation exceeds 50 volume % and the 
thermal expansion coefficient exceeds 10 x 10" 6 /oC. Consequently, the porosity of the 
above described porous molded material is made to be within the range of 20 - 50 
volume %. 

[0030] 

According to the method of the present invention the molding technological process for 
the formation of the above described porous molded material contains the following 
processes: the technological process whereby a mixed powder material is produced as Ni 
powder material and at least one type of W powder material, Mo powder material, and W 
- Mo alloy powder material, which have correspondingly an average particle diameter of 
no more than 40 microns or less, are mixed so that the amount of the Ni powder becomes 
less than 1 weight %; the technological process whereby the above mixed powder 
material is mixed and kneaded together with an organic binder, which is comprised of a 
wax component that has a melting point of lOOoC or lower, and an organic material that 
does not have a residual ash component; the technological process whereby the above 
described kneaded material is molded through an injection molding process and the 
technological process whereby the molded material is subjected to a treatment removing 
the binder material and porosity is formed. Through adjustment of the amount of this 
binder at the time of the mixing and kneading of this binder, it is possible to easily make 
the porosity of the porous molded material be within the range of 20 - 50 volume %. 

[0031] 

According to the method of the present invention in the case when Ni is contained in the 
above described mixed powder material, as described here above the Cu impregnation 
properties (the wetting properties relative to the porous molded material) are increased. 
However, if the amount of Ni contained in the mixed powder material exceeds 1 weight 
%, the thermal conductivity after the melt impregnation is decreased and because of that 
it is not preferred. 
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[0032] 



According to the method of the present invention, regarding the used as raw material Ni, 
W, Mo, W-Mo alloy powder, in order to increase the density of the porous molded 
material and to allow the homogeneous melt penetration of Cu in the predetermined 
porosity part, a material that has an average particle diameter that is no more than 40 
microns, or less, is used. Then, it is preferred to use a material that has an average particle 
diameter that is no more than 10 microns or less. 

[0033] 

According to the method of the present invention, it is preferred that the binder removal 
treatment technological process includes the technological process where vapors of 
organic solvent is used and a washing treatment is conducted, and the technological 
process whereby a thermal treatment is conducted at a temperature that is at least 500oC 
or higher. According to the method of the present invention, the binder that is mixed and 
kneaded into the above described mixed metal powder material is an organic binder 
obtained as a low melting point wax and a organic material, which does not contain a 
residual ash component, are mixed. This organic material is a stable organic material at 
the melting point of the wax. In the above described binder removal process, by the 
technological process where the first step washing using organic solvent vapors is 
conducted, the was component is removed and because of that a binder removal close to 
the surface is conducted and together with that guiding pores are formed in order to 
remove the above described organic material from the inner part of the molded material. 
After that, by performing the second step thermal process this organic material is 
destructed and eliminated. 

[0034] 

As the organic solvent used for the above described vapor washing technological process, 
it is preferred to use an organic solvent that has a boiling point lower than the organic 
binder melting point or softening point. This is in order to prevent the deformation of the 
molded material at the time of the vapor washing. As such organic solvents, for example, 
ethanol, acetone, tri-chloro-ethane, carbon tetra chloride, methylene chloride, etc., can be 
used. 

[0035] 

On the other hand, regarding the above described thermal technological process, as much 
as possible, it is preferred to be practically conducted in an ambient atmosphere that does 
not contain oxygen. This is done in order to prevent the molded material from oxidation, 
and for example, it is preferred that the above described thermal technological process be 
conducted in a hydrogen gas ambient atmosphere. 

[0036] 
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According to the method of the present invention, in order to prevent the exuding of Cu 
over the whole surface at the time of the melt impregnation with Cu, and to have Cu be 
exuded selectively only on the surface that is the easiest for processing in the case of 
mechanical processing of the molded material after the melt impregnation, prior to the Cu 
melt impregnation technological process, on the surface of the porous molded material 
with the exception of the above described surface a powder material that prevents melt 
impregnation and that has been dispersed in water or an organic agent is coated and 
applied and then dried. Regarding this powder material, it is necessary that it is a powder 
that is chemically and physically stable at the time of the melt impregnation treatment 
and that it does not react with the above described porous molded material, and that it is 
not wetted by the molten Cu, and that it is easily removable after the melt impregnation 
treatment. As preferred materials that can be used as melt impregnation preventing 
powder materials, it is possible to use A1203, Ti02, Si02, Zr02, A1N, BN, ZrN, Si3N4, 
TiN, SiC, ZrC, and TiC. 

[0037] 

According to the method of the present invention, a mixed powder material, which does 
not contain Cu, which contains 1 weight % or less Ni, and where the remaining part is W 
powder, Mo powder, W and Mo mixed powder, or W - Mo alloy powder is mixed and 
kneaded with an organic binder material, and it is molded using injection molding. 
Because of the fact that according to this method, the molded material is molded and after 
that the binder material is removed, and in the obtained porosity Cu is melt impregnated, 
it is not necessary to generate the shrinkage that corresponds to the binder part according 
to the method of the previous technology. Consequently, the porous molded material has 
almost no shrinkage, and also, it is possible to obtain sufficient alloy density. Even if it is 
an item with a complex shape, it is possible to achieve high shape precision and 
dimensional precision. Then, according to the method of the present invention, at the time 
of the Cu melt impregnation, with the exception of the surface that selectively would 
exude the Cu, the whole surface of the porous molded material is coated and applied with 
an agent preventing the leakage (leakage preventing agent). By that, it is possible to 
suppress the leakage of Cu towards the large part of the surface of the porous molded 
material. Because of that only the surface, which selectively exudes the above described 
Cu, is mechanically processed and consequently the other surfaces are not mechanically 
processed and it is possible to obtain the predetermined manufactured product shape. 

[0038] 

Here below, then the present invention is explained in more details by using practical 
examples, however, the disclosed here below is nothing more than simply practical 
examples of the present invention, and this description does not limit the technical field 
of the present invention. 

[0039] 
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[Practical Examples] 
Practical Example 1 

In Figure 1 a metal casing is shown, which is used for laser diode module, and which is 
one example of metal parts used for semiconductor devices according to the present 
invention. The metal casing according to Figure 1 is formed from a metal base 10 and a 
metal frame body 2, and on the metal base 10, in front and behind the frame body 2 the 
attachment openings 6 are provided, which are used for fixing and installation. The metal 
frame body 2 has the two parts 21 and 22, which are placed at a distance so that the 
electric signal input/output terminals can be attached, and on the front surface of the 
materia! 21, the window 4, which is used for optical signal input/output, is provided. Here 
below, the manufacturing process for the preparation of the above described metal casing 
according to the present invention method, is described. 

[0040] 

Initially, W powder material with an average particle diameter of 3 microns and Ni 
powder material with an average particle diameter of 4 microns, are compounded so that 
their amounts become, correspondingly, 99.9 weight % and 0.1 weight %, and the mixed 
powder material is prepared. After that, wax, which has a melting point of 80oC, and 
polyethylene, which has a degradation/incineration temperature of 550oC, are mixed so 
that their ratio by volume becomes 75:25, and this material is used as the organic binder. 
This organic binder and the above described W, Ni powder material are mixed so that 
their volume ratio becomes 38:62, and by using a kneader they are mixed and kneaded. 
This kneaded material is introduced into an injection molding device and the porous 
molded material with the shape of the shown in Figure 1 metal casing used for laser 
diodes, is produced. 

[0041] 

By using methylene chloride (boiling point 40oC) this porous molded material is 
subjected to a 5 hour vapor washing and by that the first step binder removal was 
conducted and after that in a hydrogen gas atmosphere, it is heated at a temperature of 
8OO0C for a period of 30 minutes and by that the second step binder removal treatment, 
was conducted. The appearance of this porous molded material, which has undergone 
binder removal, is good, and also, the shape was maintained, and there were no waviness, 
shape change, etc., deformations. Also, the porosity of this porous molded material that 
has undergone binder removal was 38 volume %. 

[0042] 

On the whole surface of the porous molded material after the binder removal, with the 
exception of the back surface, dispersed in water BN powder was coated at a thickness of 
10 microns by using the spray method. This porous molded material was placed on a 1 
mm thick copper plate that has been cut to the same length and width as that of the metal 
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base 10 of the metal casing used for the laser diode module, shown in Figure 1, and in a 
hydrogen ambient atmosphere in a continuous kiln, the copper melt impregnation was 
conducted at a temperature of 1 150oC. When after the melt impregnation each of the 
dimensions were measured, the dimension shrinkage coefficient was 0.8 %. After that the 
coated BN powder material was removed by liquid honing and then, the remaining on the 
back surface molten copper was removed by polishing. The above described 
manufacturing conditions and alloy densities are shown in Table 1 as experimental 
material No. 1, and also, the thermal expansion coefficient and the thermal conductivity 
are shown in table 2 as the experimental material No. 1 . The examples, including 
reference examples, of metal cases that have been manufactured according to the same 
manufacturing conditions as described here above besides the conditions that are reported 
in the same table, are also shown in Table 1 as experimental materials 2-16. Regarding 
the shrinkage after the melt impregnation, in the case of the experimental materials 
according to the present invention, the material according to the experimental material 
No. 10 had the highest shrinkage rate of 1.8 %. This shrinkage changes in 
correspondence with the porosity of the porous molded material that is found at the time 
of the melt impregnation. In the case of the porous molded materials with a porosity of up 
to 30 %, there is almost no shrinkage of the porous molded material, however, if the 
porosity exceeds 30 %, this shrinkage increases somewhat in correspondence with the 
increase of the porosity. Also, according to additional experiments by the authors of the 
present invention on the temperature and the time of the melt impregnation, it has been 
confirmed that in the case of the experimental materials according to the present 
invention the above described shrinkage rate reaches a maximum of 2 %. Then, there was 
no effect observed of this small level of shrinkage on the final Cu content and the 
properties of the alloy as well as on the dimensional precision. 

[0043] 

[Table 1] 
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Headings in the table: 1 . W/Ni ratio or Mo/Ni ratio, 2. binder/metal powder ratio (volume 
ratio), 3. organic solvent used in the first step binder removal treatment, 4. heating 
temperature of the second step binder removal treatment, 5. porosity of the porous 
molded material (volume %), 6. leakage preventing agent, 7. alloy density, 8. shrinkage 
after the melt impregnation (%), 9. methylene chloride, 10. ethanol. 

Remarks) 

Experimental materials 1 - 10 are practical examples of manufacturing where W-Ni 
powder material was used. Experimental materials 11 - 13 are practical examples of 
manufacturing where Mo-Ni powder material was used. Experimental materials 14-16 
are reference examples where W-Ni powder material was used. In the case of the 
experimental material 14 the kneaded material was not 100 % filled in the mold, and a 
molded material with the correct molding density was not obtained. In the case of the 
experimental example 15, at the time of the binder removal the molded material foamed 
and a correct porous molded material was not obtained. 

[0044] 

Regarding the alloy density, it is a parameter that was measured on 50 parts, and it was 
almost the theoretical density and thus it was understood that the pores after the binder 
removal and the sintering were completely melt impregnated with Cu. Also, the structure 
of the cross sectional surface had no defects, and then, on the surface that has been coated 
with the leakage preventing agent there was no Cu leakage observed at all. As a result of 
the surface analysis it was understood that through the leakage preventing agent, the Cu 
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content of the surface layer part (approximately 1 micron) of the surface that has been 
coated with the leakage preventing agent was somewhat lower compared to the internal 
part of the metal case, however that also had no effect on the values of the properties of 
the alloy material. 

[0045] 

The thermal conductivity and the thermal expansion coefficients of the corresponding 
alloys are according to the presented in Table 2, and these are materials that show 
properties sufficient to be used as metal parts used in semiconductor devices. 

[0046] 

[Table 2] 
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Headings in the table: 1. thermal expansion coefficient, 2. thermal conductivity. 



[0047] 

Practical Example 2 

The dimensional precision of metal casing used for laser diode module according to 6 in 
Table 1, and the dimensional precision of a material manufactured according to the 
method of the previous technology as reported in the Japanese Patent Application 
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Number Hei-Sei 2-5013 16, at the same amount of Cu (Reference Example 1), are shown 
in Table 3 below. 

[0048] 

According to this table 3, the " weld attach back fold" indicates a fold of the assembled 
metal casing used for laser diode module where as shown in Figure 2 the ceramic 
terminal 3 and the metal edge 5 are welded. For this value only, a material using the 
metal casing for laser diode module according to the present invention that has been 
manufactured according to the method of the present invention, Table 1, 5, and a material 
using a metal casing manufactured according to the previous technology method as 
disclosed in the description of the Japanese patent Application Number Hei-Sei 2-501316 
(Reference Example 1), and a material using a metal casing obtained according to the 
previous technology method disclosed in the Japanese Patent Application laid Open 
Number Showa 59-21032, where a metal base that has been obtained as a copper - 
tungsten alloy is subjected to mechanical processing is subjected to solder welding with a 
metal frame body with a structure formed from iron, nickel- cobalt alloy (Reference 
Example 2), are correspondingly shown. 

[0049] 

[Table 3] 
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Headings for table: 1. required dimensions (units: microns), 2. metal base, 3. metal frame 
body, 4. length, 5. width, 6. thickness, 7. installation opening diameter, 8. solder attach 
back fold, 9. height, 10. dimensional tolerance according to the present invention, II. 
average, 12. Reference Example 1, 13. Reference Example 3. 

[0050] 

After that the above described metal casing for laser diode module according to the 
present invention, and the metal casings for laser diode modules according to the 
Reference Example s 1 and 2, were used and as it is shown in Figure 2, the ceramic 
terminals 3 and the metal ridge 5 are solder welded and the assembled bodies of the metal 
casings for laser diode modules, were manufactured. On the front surfaces of the 
corresponding assembled bodies, 1.5 micron thick nickel plating was conducted and then 
on top of that a 1 .5 micron thick gold plating was conducted, and in the window 4 a 
manufactured from sapphire window material was adhered and sealed by using Au-Sn 
solder. In this state, the plating thermal resistance properties (verification of the 
deteriorated state of the plating after being maintained for a period of 5 minutes at 450oC 
in air), the assessment of the gas tightness properties after 100 heat cycles (-65oC x 10 
minutes 00 + 150oC x 10 minutes), was conducted for 200 metal casing assembled 
bodies relative to the corresponding parameters. 

[0051] 

Regarding the thermal resistance properties, the appearance after maintaining at the 
above described high temperature was checked by using a 20 X power optical 
microscope and the swelling of the longitudinal direction edge surface of the frame body, 
the stain, the color change, etc., unfavorable conditions and in the case of the parts 
according to the previous technology, especially, the color change of the solder attach 
part between the base part and the frame body part, were checked. The method for the 
evaluation of the air tightness properties is shown according to the presented in Figure 6. 
The evaluation of the air tightness properties was conducted according to the method 
where the metal casing assembled body 1 used for laser diode module is set on a flange 
41, which is used for pulling vacuum, through the O ring 42, which is placed under the 
metal frame body 2, and the air inside the casing is removed, and after that from the 
outside He gas is blown in and the He passes through the above described flange and by 
using a He leak detector the leak amount is verified. According to this method, the 
materials where the leak amount was at or less than 5 x 10~ 8 atm cc/sec were denoted as 
passing and these that had higher than that amount were denoted as failing. The 
corresponding results are shown in Table 4. 

[0052] 

[Table 4] 
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Headings in the table: 1 . Evaluation parameters, 2. Practical Example (each 200 units), 3. 
Reference Example 1 (each 200 units), 4. Reference Example 2 (each 200 units), 5. 
thermal resistance properties of the plating (upper row, number of failed parts of the 
frame body part side surface, lower row, number of failures for color change between the 
base and the frame), 6. air tightness properties after the heat cycles (number of failures), 
7. air tightness properties after thermal shock (number of failures). 

[0053] 

As it is shown in Table 4, in the case according to the Reference Example 1, the thermal 
resistance properties of the side surface of the metal frame body are poor and also there is 
a generation of poor heat cycling and a generation of poor thermal shock properties, and 
relative to that, in the case of the products manufactured according to the present 
invention, there were no failures at all. Moreover, in the case of the products according to 
the present invention, the leak rates in all cases were below 1 x 10" 9 atm cc/sec. In the 
case of the air tightness failures generated in the heat cycle and the thermal shock 
according to the Reference Example 1, it is assumed that these are generated due to the 
porosity in the metal casing. 

[0054] 

After that, the same assembled bodies are used as in the above described and in reality a 
laser diode is placed and as it is shown according to the presented in Figure 7 by using 
the installation opening 6, through the bolt 24, it is pressed hard on the Cu heat 
dissipating plate 23 and fixed, and then, by using the optical fiber 26 it was connected to 
the power meter 25. Prior to this hard pressing and fixing, namely, in a state where it is 
lightly supported on the heat dissipating plate, and in a state where it is completely fixed, 
the same input light amount Wo is applied, and the output light amounts Wl, W2 relative 
to the optical fiber before and after the fixing, are measured, and the output decrease ratio 
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(Wl - W2)/W1 (%) is calculated, and these results are assembled and are shown in table 
5. From this data, it is understood that compared to the case of the assembled body using 
the metal casing according to the present invention, the assembled body using the metal 
casing according to the previous technology, clearly, has deformations where there are 
folds in the casing body itself and because of that after the hard pressing a deviation of 
the optical axis is generated and the decrease of the output is large. 

[0055] 



[Table 5] 





Metal Casing 
according to the 
present invention 


Metal casing 
according to the 
Reference Example 
1 


Metal Casing 
according to the 
Reference Example 
2 


Output Decrease 
Ratio 


1 % or less 


1 ~ 7 % 


1 ~ 10% 



It is understood that the semiconductor device using the metal casing according to the 
present invention demonstrates excellent performance compared to the devices using the 
metal casing according to the previous technology. 

[0056] 

[Results From the Present Invention] 

As it has been described here above, according to the present invention a novel metal part 
used in semiconductor devices is suggested that has good thermal diffusion properties, 
that has thermal expansion coefficient that is close to that of the housed semiconductor 
materials or other glass and ceramic parts, and that practically realizes high reliability 
properties and dimensional precision; its manufacturing method and a semiconductor 
device using this metal part used for semiconductor devices, are suggested. The metal 
part according to the present invention is a part where the metal base and the other metal 
parts are made as one unified body and because of that it is possible to simplify the 
manufacturing operations. Also, the problems, which are related to the generation of 
folds and joining parts through the joining between the metal case and the metal frame 
body used according to the present invention, are eliminated. The metal parts used for 
semiconductor devices according to the present invention, which are manufactured 
according to the method of the present invention, have high dimensional precision and 
because of that for most of the parts additional material processing is not required and it 
is possible to significantly decrease the manufacturing costs. Then, by using the metal 
parts for semiconductor devices according to the present invention it is possible to stably 
manufacture semiconductor devices with high reliability. 

[Brief Explanation of the Figures] 
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[Figure I] 



Figure 1 represents a three-dimensional diagram of the metal casing used for laser diode 
module, which is one example of the metal part used for semiconductor devices, 
according to the present invention. 

[Figure 2] 

Figure 2 represents a three-dimensional diagram of the assembled metal casing used for 
laser diode module, according to the previous technology. 

[Figure 3] 

Figure 3 represents another three-dimensional diagram of the assembled metal casing 
used for laser diode module, according to the previous technology. 

[Figure 4] 

Figure 4 represents a three-dimensional diagram of the metal header used for laser diode, 
which is one example of the metal part used for semiconductor devices, according to the 
present invention. 

[Figure 5] 

Figure 5 represents a three-dimensional diagram of the metal header used for laser diode, 
which is one example of the metal part used for microwave devices, according to the 
present invention. 

[Figure 6] 

Figure 6 is a diagram showing the method for the examination of the air tightness 
properties conducted according to the practical examples. 

[Figure 7] 

Figure 7 is a diagram showing the measurement method for measuring the laser output 
that is conducted according to the practical examples. 



[Explanation of the signs] 

1 metal casing 

2 metal frame body 

3 electric signal input/output terminal (pin) 
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4 window 

5 metal ridge 

6 attachment opening 

7 protruded part used for housing the semiconductor element 

10 metal base 
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